ETL 1110-3-435

1 May 92
TECHNI CAL GUI DANCE FOR DESI GN OF THE SUBSURFACE
DRAI NAGE FOR M LI TARY PAVEMENTS
1. Introduction. Except in frost areas, the current design criteria for

mlitary pavenents, as given in Th 5-822-S/ AFM 88-7, Chap. 3; TM 5-822-2/

AFM 88-7, Chap. 5; TM 5-825-3/AFM 88-6, Chap 3; and Th 5-825-2/ AFM 88-6

Chap. 2, are based on the assunption that the base and subbase layers will be
adequately drained, i.e., the criteria do not consider damage because of free
water at |ayer interfaces nor for a loss of material strength caused by pore
pressures induced by traffic. To ensure adequate subsurface drai nage, mgjor
changes to the criteria for design of subsurface facilities (TM 5-820-2/

AFM 88-5, Chap. 2 and TM 5-818-2/ AFM 88-6, Chap. 4) are being inpl emented.
The changes invol ve nodi fying the gradation for base materials, requiring a
drai nage | ayer for nost pavenents, adding procedures for design of the drain-
age layers, limting the time for drai nage of the base, and supersedes the
gui dance in TM 5-818-2/ AFM 88-6 for a free draining base in frost areas.

2. Definitions.
a. Drai nage Layer. A drainage layer is a layer in the pavenent

structure that is specifically designed to allow horizontal drainage of water
fromthe pavenment structure. The layer is also considered to be a structura

conponent of the pavenment and will serve as part of the base or subbase. The
drai nage layer will consist of either a rapid draining material or an open
graded material and will be designed by criteria provided in this Engi neer

Techni cal Letter(ETL).

b. Separation Layer. A separation layer is a layer provided directly
beneat h the drainage |ayer to prevent fines frominfiltrating or punping into
t he drai nage layer and to provide a working platformfor construction and
conpaction of the drainage layer. GCenerally, a minimmof 4 in. of dense-
graded aggregate material is used; however, a filter fabric can be used. The
material for the granular separation |ayer should nmeet the requirenments for a
50 CBR subbase as given in Th 5-822-5/ AFM 88-7, Chap. 3 and Th 5-825-2/

AFM 88-6, Chap. 2. The requirenments for filter fabric are given in
TM 5-820- 2/ AFM 88-5, Chap. 2.

c. Rapid Draining Material (RDM. A rapid draining material is a mate-
rial having a sufficiently high perneability (1,000 to 5,000 ft/day) to serve
as a drainage layer and will also have the stability to support construction
equi prent and the structural strength to serve as a base and/or a subbase.
Gradation limts for the RDM are given in Table 1, and the design properties
are given in Table 2. To ensure adequate stability and strength, the unifor-
mty coefficient (C~) of the RDM should be greater than 3.5

d. Open Graded Material (0GW. An open graded naterial is a materia
having a very high perneability (greater than 5,000 ft/day) which may be used
for a drainage layer. Such a material will normally require stabilization for
construction stability or for structural strength to serve as a base in a
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flexible pavemrent. Gradation limts for the OGMare given in Table 1, and the
design properties are given in Table 2.

Table 1

Gradations of Materials for Drai nage Lavers and Choke Stone

Drainage Layer Materjal

Sieve Rapid Draining Open Graded
Designation Materijal _Material Choke Stone
1-1/2 in. 100 100 100
1 in. 70-100 95-100 100
3/4 in. 55-100 -- 100
1/2 in. 40-80 25-80 100
3/8 in. 30-65 -- 80-100
No. & 10-50 0-10 10-100
No. 8 0-25 0-5 5-40
No. 16 0-5 -- 0-10
Table 2

Properties of Materials for Drai nage Layers

Rapid Draining Open Graded

Property Material —Material
Permeability 1,000-5,000 >5,000
ft/day
Effective Porosity 0.25 0.32
Percent Fractured 90% for 80 CBR 90% for 80 CBR
Faces (COE method) 75% for 50 CBR 75% for 50 CBR
Cy >3.5 --
LA Abrasion <40 <40

Note: C, is the uniformity coefficient = Dgy/Dyy.
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e. Choke Stone. A choke stone is a snall size stone used to stabilize
the surface of an OGM The choke stone should be a hard, durable, crushed
aggregate having 90 percent fractured faces. The ratio of Djof the coarse
aggregate to the Djof the choke stone must be less than 5, and the ratio of
the D, of the coarse aggregate to Dy, of the choke stone nust be greater than
2. The gradation range for acceptable choke stone is given in Table 1.
Meeting the requirements of a choke stone would be either the ASTM No. 8 or
ASSHO No. 9 stone.

f. Coefficient of Perneability. The coefficient of permeability is a
nmeasure of the rate at which water passes through a unit area of material in a
gi ven anopunt of time under a unit hydraulic gradient.

g. Effective Porosity. The effective porosity is defined as the ratio
of the volunme of voids that will drain under the influence of gravity to the
total volume of a unit of aggregate. The difference between the porosity and
the effective porosity is the amount of water that will be held by the aggre-
gate. For materials such as the RDM and OCM the water held by the aggregate
will be small; thus, the difference between the porosity and effective poros-
ity will be small (less than 10 percent). The effective porosity may be esti-

mat ed by conmputing the porosity fromthe unit dry weight of the aggregate and
the specific gravity of the solids which then should be reduced by 5 percent
to allow for water retention on the aggregate.

h. Stabilization. Unless experience indicates otherw se, stabilization
of OGMis required for stability and strength, and for preventing degradation
of the aggregate in handling and conpaction. Stabilization may be accom
pli shed nechanically by use of a choke stone or by the use of a binder such as

asphalt or cement. The choke stone will be used only with the OGH and will be
referred to as a choked OGM The asphalt or cenent may be used with the OGMV
and will be referred to as an asphalt or cenent stabilized OGM Stabilization

of the CGMis acconplished by using only enough asphalt or cement paste
required to coat the aggregate. Care should be taken so that the voids are
not filled by excess stabilizer. The stabilization material predom nantly
used is asphalt cenent (AC-20) at 2 to 2-1/2 percent (by weight) for the OGH
Hi gher asphalt cenment percentages are required when a | ess open graded mate-
rial is used. For exanple, New Jersey's asphalt cenment stabilized perneable
base gradation requires 3 percent asphalt cenent to coat the aggregates. For
addi ti onal asphalt stabilized perneable base stability, a stiffer asphalt
cement, such as an AC-40, should be used. Portland cenent at 1-1/2 to 3
bags/cu yd has al so been used. As with asphalt cement stabilized perneabl e
base, the amount of portland cenent per cubic yard will depend on the voids
and surface area of the aggregate in the permeable material. For exanple,
California uses not less than 282 |Ib of portland cenent per cubic yard with a
wat er-cenent ratio of 0.37. The perneability of this material is approxi-
mately 4,000 ft/day. Whereas, Wsconsin with a nore open material (perneabil -
ity approxi mately 10,000 ft/day) has found that 200 | b of portland cenment per
cubic yard and a water-cenent ratio of 0.37 provide adequate strength, dura-
bility, and stability.
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i Degree of Drainage. The degree of drainage is the ratio of water
that has drained froma material to total anpunt of water that the material is
capabl e of hol di ng.

3. Drainage Criteria.

a. Concepts. For pavenents in nonfrost areas and having a subgrade with
a permeability greater than 20 ft/day, one can assune that the vertical drain-
age will be sufficient such that no drainage layer is required. Also, flexi-
bl e pavenents in nonfrost areas and having a total thickness of 8 in. or less
are not required to have a drainage |ayer. For pavenments requiring drai nage
| ayers, the design of the drainage |ayer shall be based on the prem se that
the capacity of the drainage |ayer should be greater than the vol une of water
entering the pavenent, and that the drainage layer, if saturated, should reach
a degree of drainage of 0.85 within 1 day after the inflow of water stops. The
degree of drainage for the drainage |ayer is defined as the volune of water
that has drained fromthe |layer over a specified tine period divided by the
total volume of water in the layer that can be drained by gravity.

b. Design Water Inflow. The subsurface drainage of the pavement is to
be designed to handle water infiltration through the pavenent from a design
stormindex for a design stormof 1 hr duration at an expected return
frequency of 2 years. For the continental United States, this can be
determ ned fromFigure 1 (taken from Th 5-820-1/AFM 88-5, Chap. 1). Cuidance
for determining the design stormfor other parts of the world is also given in
Th 5-820-1/ AFM 88-5, Chap. 1. The inflowis deternmined by multiplying the
design rainfall index CR in inches per hour) times an infiltration coefficient
F. This coefficient will vary over the |life of the pavenent dependi ng on the
type of pavenent, surface drai nage, pavenent maintenance, and structura
condition of the pavenment. Since the determ nation of a precise value of the
infiltration for a particular pavenent is very difficult, a value of 0.5 may
be assunmed for design. The value of the coefficient nay be changed based on
| ocal experience and anticipated inflow rates for a particular paverment. The
rate of water inflow (g in cubic feet per foot width of drainage path per
hour) is then computed by the equation

g-LxFx (R12) (eq 1)
wher e
L = length of the drainage path in feet
F =infiltration coefficient
R = design rainfall index in inches per hour

It should be noted that the drainage |ayer design is based only on the infil-
tration of water fromthe surface. Normally, other sources would provide
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Figure 1. Design Storm Index, l-hr Rain-

fall Intensity-Frequency Data for Conti-

nental United States Excluding Alaska

(Chart reproduced from US Weather Bureau,

Technical Paper No. 40, Rainfall Fre-

quency Atlas of The United States, Wash-
ington, DC, May 1961.)

water to the drainage |ayer but such water would be m nor and would not be a
consideration in the design of the drainage |ayer. Should ground water be
present in any substantial quantities, special provisions should be nmade to
intercept and drain the water before it reaches the drainage |ayer. The

drai nage | ayer is expected to aid in draining of water in the subbase and
subgrade caused by frost action, but this volume of water will not be consid-
ered in conputing the design water inflow.

C. Length and Sl ope of Drainage Path. The Iength of drainage path is
nmeasured al ong the slope of the drainage |layer fromthe crest of the slope to
where the water will exit the drainage layer. In sinple terns, the |length of
t he drai nage path is the maxi mum di stance water will travel in the drainage
| ayer. The length of drainage path (L) in feet may be conputed by the
equati on

2 2
L XVt i, (eq 2)

i,

wher e

X =the length in feet of the transverse slope of the drainage |ayer

5
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the transverse slope of the draining |ayer
t he I ongitudi nal slope of the drainage |ayer

The slope (i) of the drainage path may be conputed by the equation

1=yl el . (eq 3)

d. Capacity of Drainage Layer. The capacity of the drainage layer (Qin
cubic feet per foot width of pavenent) is conputed based on the effective
porosity (n~) and the volune of water draining fromthe drai nage | ayer during
the 1 hr of water inflow. Since the criterion is for a degree of drainage of
0.85 within 24 hr, it is to be assuned that only 85 percent of the voids wll
be available for storage of water. Thus, the capacity of the drainage |ayer
may be conmputed by the equation

Q= (0.85 (n) (H (L) + (k/24) (t) (i) (H/2 (eq 4)

wher e

Q = capacity of the drainage layer in cubic feet/feet

n. = effective porosity

H = thi ckness of the drainage |ayer in feet

L = length of the drainage path in feet

k = perneability of the drainage layer. in feet/day

t =1 hr (length of design storm

i =

sl ope of the drainage path in feet/foot

e. Thi ckness of Drainage Layer. By setting Q- gq and substituting equa-
tions 1 and 4 for g and Q the mininumthickness in feet of the drainage |ayer
required to provide the storage capacity for a 1 hour design stormis deter-
m ned fromthe equation

H=4FRL/[40.8 n, L + ki) (eq 5)

If the term (ki) is small conpared to the term (40.8n,L) which would probably
be the case for long drainage paths (> 20 ft), then the required thickness of
t he drai nage | ayer can be estimated by deleting the term (ki) fromequation 5
or
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H=(FR/(10.2 n,) (eq 6)

The value of H obtained fromequation 6 will always be somewhat greater than
the value of H determ ned fromequation 5. |In no case should the thickness of
t he drai nage | ayer be less than 4 in.

f. Tine for Drainage. The tine for drainage of the drainage layer is a
function of effective porosity, length of the drai nage path, thickness of the
drai nage | ayer, slope of the drainage path, and perneability of the drainage
layer. This function has been solved in terns of tine factor TF and a parame-
ter m The tine factor is obtained fromFigure 2 as a function of the param
eter s which is deternmined by the equation

s = Li/(H) (eq 7)

After determining the tine factor TF from Figure 2, the tine required to
obtain a degree of drainage of 0.85 is conputed from

Tes = (TH(M (eq 8)

wher e

Tes = time in days required to obtain a degree of drainage of 0.85
m = a paraneter defined as

(ne L)/ (k H (eq 9)

g. Desi gn Exanple. Assume the follow ng design parameters are appropri-
ate for a large parking lot.

The design rainfall (R) = 2.0 in.
The effective porosity (n,) = 0.2
The I ength of the drainage path (L) = 150 ft

The permeability of the drainage material (k) = 2,000 ft/day
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Figure 2. Time Factor for 85 Percent Drainage

The sl ope of the drainage path (i) = 0.01
The infiltration coefficient (F) = 0.5

First the thickness, H of the drainage |ayer required to provide the neces-
sary storage capacity is conputed by substituting into equation 5 as foll ows

H = [4(0.5)(2.0) (150)]/[40.8(0.2) (150) + (0.01) (2,000))
H=0.48 ft. or 5.8 in.

Roundi ng the conputed thickness up to the next full inch gives a design thick-

ness of 6 in. Equation 6 could have been used to estimte the thickness as
fol | ows

H=FRI10.2 n, =[(0.5) (2)]/[(10.2) (0.2)] = 0.49 ft

Agai n the thickness would round up to 6 in. The next step would be to use

Figure 2 to determine the time to obtain a degree of drainage of 0.85. Using
equation 7 the value of s is conmputed to be 3.0 and from equation 9 the val ue
of mis conputed to be 4.5. FromFigure 2 the tine factor, TF, is found to be

0.32. The time to obtain a degree of drainage of 0.85 is conputed from
equati on 8.

Tes= (TR)(M = ( 0 32) (4.5) = 1.44 days

8
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Since 1.44 days is considerably greater than the 1 day all owed by the crite-
ria, the design nmust be nodified to obtain a shorter tinme for drainage. The
paranmeter that can be changed will depend on the particul ar design situation
but for this exanple assume the design can be nodified to obtain a drainage
path of 100 ft. The thickness required for storage is found fromequation 5
to be 6 in. The s parameter for entering Figure 2 is now 2.0 which gives a
time factor, TF, of 0.5. The mparanmeter is conputed fromequation 8 to be
2.0. Equation 7 is again used to conmpute Tg.

Tes = (TFH)(M = (0.5) (2.0) = 1 day

The 1 day required for drainage neets the criteria; thus, the design would
call for a 6-in. drainage layer with a 100-ft drai nage path.

4. Pl acenment .

a. Ri gid Pavenents. |In the case of rigid pavenments the drainage |ayer,
if required, shall be placed as shown in Figure 3a directly beneath the con-
crete slab. In the structural design of the concrete slab the drainage | ayer

along with any granul ar separation |ayer shall be considered a base |ayer, and
structural benefit may be realized fromthe |ayers.

b. Flexi ble Pavenents. 1In the case of flexible pavenents the drainage
| ayer should be placed either directly beneath the surface |layer as shown in
Figure 3a or beneath a graded crushed aggregate base course as shown in Figure
3b. If the thickness of granular subbase is equal to or greater than the
t hi ckness of the drainage |ayer plus the thickness of the separation |ayer.
t he drai nage |l ayer is placed beneath the graded crushed aggregate base (Figure
3b). \Where the total thickness pavenent structure is less than 12 in., the
drai nage | ayer may be placed directly beneath the surface |layer (Figure 3a)
and the drainage | ayer woul d serve as the base. Wen a graded crushed
aggregate base is used above the drainage |ayer, care nust be taken to limt
the material passing the No. 200 sieve in the graded crushed aggregate base to
8 percent or |less. These precautions are necessary to provide adequate drain-
age and to ensure that an excess of fines will not be available to wash into
t he drai nage layer. Should a graded aggregate base not be available, then it
i s suggested that an asphalt stabilized base be used above the drai nage | ayer.
In areas where frost will penetrate the base, the base nust al so neet the
criteria in Th 5-8I8-2/AFM 88-6, Chap. 4 for a nonfrost susceptible materi al

5. Separation |ayer. The drainage | ayer nust be protected from contam nation
of fines fromthe underlying |layers by a separation |ayer to be placed
directly beneath the drainage layer. In npst cases the separation |ayer

shoul d be a graded aggregate material neeting the requirements of a 50 CBR
subbase. The m nimumthi ckness for the separation layer is 4 in. A granular
separation |ayer provides a firm foundation for conpaction of the drainage

| ayer and adds strength to the pavenent structure. For design situations
where a firmfoundation already exists and the thickness of the separation

| ayer is not needed in the structure for protection of the subgrade, a filter
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fabric may be substituted for the granul ar separation |ayer. The fabric nust
neet the requirements specified in Th 5-820-2/ AFM 88-5, Chap. 2

6. Mat eri al Properties.

a. Strength and Durability. The material for a drainage |ayer should be
a hard, durable crushed aggregate. Crushed aggregate neeting the gradation
requi rements of the RDOMw || provide sufficient stability for the drai nage
| ayer on whi ch construction equi pment such as dunp trucks, transit trucks, and
tracked pavers can operate.

b. Material Perneability. The perneability of the drainage |ayer is
primarily a function of the material gradation and density. For a given gra-
dation, it is inportant for strength considerations to obtain the maxi num pos-
sible density during conmpaction without crushing the aggregate. Thus, the
permeability is controlled by controlling the gradation. Table 2 provides
estimtes for the perneability of RDM and OCMthat are applicable to the gra-

dation of the in-place material. There should be very few design situations
requiring drainage materials having perneabilities greater than 5,000 ft/day;
thus, the OCMwi || al nost al ways neet the perneability requirements. For RDM

a permeability of 2,000 ft/day may be used for design. |If the required perne-
ability is between 2000-5000 ft/day the RDM may be used provided the RDMis
restructured to the coarse side of the gradation band. This value or |abora-
tory determined perneability value may be used as estimtes of the in-place
permeabilities until |ocal experience with construction of drainage |ayers can
establish the in-place perneabilities being obtained.

7. Const ruction.

a. Experience. Wthout properly trained personnel, construction of the
drai nage | ayer can cause problenms. Experience with highly perneabl e bases
(drai nage | ayers) both by the Corps of Engineers and various State Departnents
of Transportation indicates that pavenents containing such |ayers can be con-
structed wi thout undue difficulties provided certain guidelines are foll owed.
These gui delines are discussed bel ow

b. Pl acenent. The material for the drainage |ayer nust be placed in a
manner to prevent segregation and to obtain a layer of uniformthickness. The
materials for the drainage layer will require extra care in stockpiling and

handl i ng. Placement of the RDK and OGM is best acconplished using an asphalt
concrete paver. To ensure good conpaction, the maximumlift thickness should
be no greater than 6 in. |If choke stone is used to stabilize the surface of
OCM the choke stone is placed after conmpaction of the final lift of OCM The
choke stone is spread in a thin layer no thicker than % in. using a spreader
box or paver. The choke stone is worked into the surface of the OCM by the
use of a vibrator roller and by wetting. The choke stone remining on the
surface should not mgrate into the OCM by the action of water or traffic

11
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C. Proof Rolling. For Arny Class IV and Air Force heavy, nodified
heavy, and medium |l oad flexible airfield pavenments. proof rolling as per TM 5-
825-2/ AFM 88-6 Chap. 2, is required on the graded crushed aggregate base even
when used over a drainage |layer. Proof rolling the separation layer prior to
pl acenent of the drainage |ayer for other pavements is recommended. For other
Air Force flexible paverents and Arnmy Class |1l flexible pavenents, it is
recormended that the proof rolling be acconplished using a rubber-tired roller
with each tire loaded to 20,000 Ib or nore and inflated to at least 90 I b/ sq
in. A mnimmof six coverages should be applied where a coverage is the
application of one tire print over each point in the surface of the designated
area. For rigid pavenments and flexi ble pavenents for roads, streets, parking
lots and Class | and Il Arny airfields, proof rolling of the separation |ayer
may be acconplished using the rubber-tired roller described above or by using
a truck having tandem axles with either dual tires or super single tires. The
truck should be | oaded to provide 20,000 I b per axle. During proof rolling,
action of the separation |ayer must be nmonitored for any sign of excessive
noverment or punping that would indicate soft spots in the separation |layer or
t he subgrade. Since the successful placement of the drainage | ayer depends on
the stability of the separation |layer, all weak spots nust be renoved and
repl aced with stable material. Al replaced material nust al so be proof
roll ed as specified above.

d. Conpaction. Conpaction is a key elenment in the successful construc-
tion of the drainage layer. Conpaction control normally used in pavenent
construction is not appropriate for materials such as the RDK and OGM It is
t herefore, necessary to specify conpaction techniques and | evel of effort
i nstead of the properties of the end product. It will be inmportant to place
the drainage material in relatively thin lifts (6 in. or less) and to have a
good firm foundati on beneath the drainage material. The recommended met hod of
determ ning the required conpaction effort is to construct a test section and
closely nmonitor the aggregate during conpaction to determ ne when crushi ng of
t he aggregate appears excessive. Experience has indicated that sufficient
conpaction can be obtained by six passes or less of a 10-ton vibrator roller
Material not being stabilized with asphalt or cenment should be kept npi st
during conpaction. Asphalt stabilized materials for the drainage |ayer nust
be conpacted at a somewhat | ower tenperature than a dense-graded asphalt nate-
rial. In nost cases it will be necessary to allow an asphalt stabilized nmate-
rial to cool to |l ess than 200~ F before conpaction. After conpaction, the
drai nage | ayer should be protected from contam nation by fines from construc-
tion traffic or fromflow of surface water. It is recomrended that the sur-
face layer be placed as soon as possible after placenent of the drai nage
| ayer. Precautions nmust also be taken to protect the drainage |ayer from
di sturbance by construction equipnent. Only tracked asphalt pavers should be
al l owed for paving over any RDM or OGM that has not been stabilized. Drivers
shoul d avoid rapid accel eration, hard braking, or sharp turning on the com
pl eted drainage | ayer.

12
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e. In-place Permeability. The perneability of an RDM can easily be
reduced to an unacceptabl e | evel by over conpaction or contanination with
fines. The in-place RDM should easily accept the inflow of water w thout
pondi ng or flow ng across the surface. |In-place perneability tests for mate-
rials as open as the RDM are difficult to run but may be conducted to get
estimtes of the in-place perneability. |aboratory perneability tests may be
conduct ed, but care nust be taken to ensure that the | aboratory sanples are
representative of the in-place material. |In |laboratory tests the perneability
is normally measured in the direction of conpaction, whereas, in the drai nage
| ayer the water flow is perpendicular to the direction of conpaction. |f such
is the case, the field perneability may be an order of nagnitude hi gher than
the | aboratory perneability.

8. Collector Drains.

a. Design Flow. It is absolutely essential that all pavements having
drai nage | ayers be provided with collector systenms as specified in TM 5-820- 2/
AFM 68-S, Chap. 2, such that positive relief of water fromthe pavenment wll
be provided. The collector system should have the capacity to handle the
water fromthe drainage | ayer plus water from other sources. The volune of
wat er entering the collector systemfromthe drai nage |ayer is conputed assum
ing the drainage layer is flowing full. Thus, the volune of water (Qo) in
cubic feet per day per foot of length of collector (assum ng the drainage
layer is only on one side of the collector) would be

Q@ =Hx I xk (eq 10)
wher e
H = thi ckness of the drainage |ayer in feet
| = slope of the drainage |layer in feet/feet
k = perneability of the material in the drainage |ayer in feet/day

If the collector systemhas water entering fromboth sides, the vol une of
wat er entering the collector would be double that given by equation 10.

b. Col l ector Pipe. The collector pipe may be perforated flexible, ABS
corrugat ed pol yethyl ene or snooth rigid polyvinyl chloride pipe. The nmi ninmum
size pipe that is to be used for a collector pipeis 6 in. and the md height
of the pipe is to be located a m nimumof 12 in. below the separation |ayer.

The backfill material around the collection pipe is to an OCM (or RDM provi ded
the drain layer is RDOM and is to be protected frominfiltration of fines by a
filter fabric. |In areas where frost is predicted to penetrate to the depth of

the collector trench and differential heave would cause problens, the sides of
the trench above the depth of frost penetration shall be sloped not steeper
than 1 vertical on 10 horizontal. Typical details for

13
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installation of the collector systemare given in Figures 4, 5, 6, and 7. Note
that the details given in these figures are only typical details and should
not be taken as being mandatory. Normally, the collector pipes are to be

| ocated al ong the edge of the pavenents but for parking lots, airfield aprons,
or other pavements whi ch woul d have | ong drai nage di stances the coll ector

pi pes may be | ocated under the pavenent.

C. lateral Qutlet Pipe. |In nost installations outlet pipes to an open
ditch or stormdrains are required for the proper functioning of the collec-
tion system |In areas of frost, special consideration must be given to preven-
tion of the freezing of the outlets. It is reconmended that a nmetal or rigid
solid-wall ed pipe be used for the lateral outlet pipe to ensure the proper
grade and to prevent crushing by nowi ng operations. To ensure water does not
back into the collector system a 3 percent slope of the pipe to the ditch and
a 6-in. freeboard for the pipe invert at the outlet over the 2-year design
flowin the ditch as shown in Figure 8 are recomended.

d. Qutlet Structure. Where the collection systemoutlets on a slope as
shown in Figure 8, outlet structures are recomended to provide protection of
the outl et pipe, prevent slope erosion, facilitate the |location of outlet pipe
for maintenance, and provide rodent protection. Headwalls of the outl et
structure should be placed flush with the slope so that nowi ng operations are
not inpaired. Positive grades should be provided so that the headwal | apron
will drain. Reference markers for the outlet structure are recomended to
facilitate locating structure for mai ntenance or observation.

e. Manhol es and Cl ean-outs. The provisions of TM 5-820-2/ AFM 88-5,
Chap. 2 should be followed as to the design and installation of manhol es and
cl ean-outs.
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